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I. OCE\ANOGRAPHY
Translations UDC 551.462(267)
CONTINUOUS SEISMIC PROFILING IN THE OCEAN AT SPEEDS UP TO 15 KNOTS
Moscow OKEANOLOGIYA in Russian Vol 19, No 4, 1979 pp 718-724

[Article by Yu. P. Neprochnov, L. R. Merklin and I. N. Yel'nikov, Institute
of Oceanology USSR Academy of Sciences, submitted for publication 18 Octo-
‘ber 1978]

Abstract: The authors examine the peculiarit-
1es of the method and the techniques for carry-
ing out continuous seismic profiling when
oceanographic vessels are proceeding at normal
speed (13-15 knots). The article describes meth~-
ods for towing pneumatic sound sources and de-
tectors. The results of experimental investiga-
tions of the spectra and levels of recorded sig--
nals and noise are given. It is demonstrated
that at speeds of 13-15 knots the developed
method of continuous seismic profiling ensures

a signal-to~noise ratio 15-20 db and penetra-
tion 2-3 km into the sedimentary strata in the
ocean, - :

[Text] When carrying out a complex geophysical survey in the ocean while a
ship is on course the only method restricting the speed of movement of
ships to 8-10 knots is usually continuous seismic profiling. The main sci-
entific research vessels of the Institute of Oceanology USSR Academy of
Sciences have a high overall economical speed: "Vityaz'" — 13 knots,
"Akademik Kurchatov" and "Dmitriy Mendeleyev" —- about 15 knots. A decrease
in the ship's speed for a long time is not always possible for technical
and economic reasons and therefore on all geological-geophysical expeditions
of the Institute of Oceanology on the large ships continuous seismic profil-
ing has not been carried out along the entire track, but only on its indi-
vidual segments,which has impaired the comprehensiveness of the geophysical
survey. Similar difficulties can arise in geophysical work in the ocean by
other organizations having high-speed vessels. Taking this circumstance

into account, during recent years specialists at the Institute of Oceanology

‘have developed a continuous seismic profiling method for a speed of 13-15

1

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200010011-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200010011-6

FOR OFFICIAL USE ONLY

knots, which was successfully used on the 58th voyage of the scientific
regearch vessel "Vityaz'" (1976) [5] and the 24th voyage of the scientific
research ship "Akademik Kurchatov" (1377) [6].

General Characteristics of Continuous Seismic Profiling Method

In order to carry out the standard task of studying the structure of the
sedimentary stratum and relief of the acoustic basement in the ocean in

the process of an on-track complex geophysical survey the continuous seismic
profiling (CSP) system usually consists of the following elements: 1) one

or two sound sources, towed at a distance of 20-50 m from the vessel; 2) one

- or two pickup lines with a length of 30-50 m, towed on both sides of the
ship at a distance of 200~300 m; 3) two recorders, making it possible to
- obtain time sections by the variable density method on electrochemical or

electrothermal paper simultaneously at two paper speeds in different fre-
quency ranges; 4) magnetic recorders, making possible subsequent reproduc-
tion of the records and processing of continuous seismic profiling data on
an electronic computer for the purpose of increasing the resolution or ef-
fective depth of the investigations. On Soviet and foreign expeditions CSP
is usually carried out at a ship speed up to 8-10 knots [4, 8, 10].

= An increase in the speeds of movement of a ship to 15 knots during CSP in-
volves certain technical and methodological difficulties. With an increase
in the ship's speed there 1s a decrease in the depth of submergence of the
sound sources and detectors until they pop out on the surface; there is a
marked increase in the level of the registered noise due to an increase in
vibration of the towing cable and receiving section, and also the turbulence
of the water boundary layer on the surface of the hose covering the pickup
line [2, 10]. In addition, at speeds of about 15 knots the detonation in-
terval attains 70-100 m, exceeding by a factor of 2-3 the length of the
standard receiving lines. A solution for the enumerated problems was brought
about in three ways: 1) by the use of heavy designs of the pneumatic sound
sources with increased power with improved hydrodynamic streamlining charac~
teristics, 2) improvements in the schemes for towing the sound sources and
detectors, 3) use of noise-immune designs of a receiving section of increased
length.

Pneumatic Sound Sources

For towing at maximum speeds use was made of pneumatic sound sources of the
"Impul's-1" type (designed by the "yuZhMORGEO" scientific and production
comhine) in two variants: with a volume of the high-pressure chamber 3 liters
and 2 x 3 liters weighing 70 and 140 kg respectively. The paired sound source
consisted of two chambers, each with a volume of 3 liters, joined into a
group and opening from one electromagnetic valve synchronously or with a lag
relative to one another. The following scheme (Fig. 1,a) was tested for
deepening the sound sources: the pneumatic sound source was towed on a

cable with a length of 100-120 m, the attachment of the tow line was on

the prow of the vessel near the waterline; lowering and raising operations
were carried out from the ship's stern. Using this scheme a pneumatic
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sound source 2 x 3 liters was towed at a depth of 5-7 m with a ship's speed
of 15 knots. For this same deepening the lighter chamber with a volume of

3 liters a tear-shaped static weight (50 kg) was incorporated in the towing
line. An increase in the speed of towing to 15 knots also caused an increase
in the mechanical loads on the air line due to its high drag in the case of
noncoaxial flow around the object. Therefore, as the electric cable use was
made of a KPMM cable with a breaking strength 700 kg, to which an alr line
was attached. This made ﬁ?“possible to use it as a load-carrying cable. The
attachment of the high-pressure line to it was accomplished in such a way
that the air hose could move freely in a longitudinal direction relative to
the cable at the points of attachment, not allowing the formation of loops
and thereby eliminating bending moments on the cable strands.

—— i, 1.7 i
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e o i B T e -

Fig. 1. Scheme for the towing of pneumatic sound sources (a) and detectors
(b). 1) towing cable; 2) tear-shaped static weight; 3) high-pressure air
line; 4) sound source; 5) on~board crane; 6) rubber shock absorber; 7) tow—
ing cable; 8) shock-absorber sections; 9) working section with piezodetec-
torsy i0) trailing line

The amplitude-frequency characteristics of the "Impul 's-1" pneumatic sound

sources (Fig. 2) show that for the working depths of submergence in the

region of the low frequencies the signal level is decreased with a de-
- crease in depth. However, in the frequency band 40-80 Hz the intensity of
radiation for different depths is approximately identical, which makes it
possible to use filtering of the receiving-recording apparatus in the fre-
quency range most favorable with respect to receiver noise (Fig. 3). The
method for towing the pneumatic sound source indicated a high reliability,
ensuring the carrying out of continuous observations over a long period of
time without failures; the maximum duration of continuous operation of a
single sound source was 132 hours (5.5 days). During towing of pneumatic
sound sources on the two sides of the ship the duration of CSP was virtual-
1y unlimited due to the alternate operation of the sound sources.

3
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Fig. 2. Amplitude spectra of sounding pulse emitted by pneumatic chamber of
"Impul's-1" apparatus with a volume of 3 liters at depths of 3 (1), 5 (2) and

10m (3).

Detectors

During CSP at a speed of 15 knots the receiving apparatus was towed on a
special cable of the KPMM type with a length up to 300 m, ensuring 2 depth
of submergence of the receiving apparatus to 7-10 m, which is the limit
for such speeds, the diameter and weight of the towing cable and the dimen-
sions of the receiving section. An increase in the noise immunity of the

i reception was attained by an improvement in the scheme for towing of the

; apparatus and construction of the receiving channel. The towing of the re-
ceiving apparatus (Fig. 1,b) was accomplished by means of a special boom
ensuring shifting of the towing point 8-10 m to one side of the ship for

getting away from the most disturbed part of the wake.

The towing cable is attached to the boom by means of a 3-4-link rubber shock

absorber with a length of 10-12 m, gselected experimentally.

Vacuum rubber proved to be the most successful material for the shock ab-
sorbers. Each link of the shock absorber with a length of 3-4 m is as-
sembled from several segments of a cord of vacuum rubber with a diameter

of 1530 mm in such a way that with a stipulated rate of towing the link
was drawn out no more than 30% of its length and with a further increase in

speed the towing load was imparted to a Kapron safety line.

Good results

with the suppression of jerks and vibrations of the towing ship were dem-
onstrated by three-link shock absorbers with successive arrangement of the

links, rated for 8, 12 and 15 knots.

On both sides of the hose receiving section with a length of 50-100 m there
are also hose sections without instruments, each with a léngth of 10-25 m,

intended for additional mechanical and acoustic "decoupling

" of the receiv-

ing section from the towing cable and the trailing line. The trailing line
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with a length of 20-30 m ensures stabilization of motion of the receiving

section in the water and the absorption of low-frequency vibration of wave

interference [1, 2]. The boom is installed in the midships region. This re-

sults in a minimum yawing of the receiving apparatus on course and precludes

the influence of keel rolling, whereas a decrease in side-to-side rolling

is ensured by special dampers such as exist on ships of the "Akademik Kurch- L
atov" type.
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Fig. 3. Envelopes of normalized amplitude spectra of signals of pneumatic
sound source and noise of towed receiving apparatus, 1) spectrum of signal
of pneumatic sound source towed at depth of 10 m; 2) same at depth of 3 m;
3) noise spectrum of receiving apparatus at speed of 15 knots.

m

Fig. 4. Dependence of levels of recorded noise on speed of towing in differ-
ent frequency ranges of recording (the vertical lines show the range of fluc-
tuation of noise levels). A) Sound pressure, rLbar; B) Ship speed in knots;
C) Hz

The design of the receiving section is traditional: within an oil-filled
PVKh-hose with a diameter of 44 mm there is a group of piezodetectors re-
sistant to vibrations and a preamplifier. The number of piezodetectcis and
the scheme for their grouping are selected in dependence on the work method,
the speed of towing, the type of sound source and the required range of
recording frequencies. For high towing speeds (10-15 knots) and the low-
frequency range (10-100 Hz) the most effective grouping schemes are those
with a triangular envelope of the distribution of response and optimization -
of the grouping interval for the piezodetectors [3], for example, a group
of 42 or 64 PDS-7 piezodetectors on a base of 44 and 70 m respectively. An
important peculiarity of the design of the receiving section is the ab-~
sence of a load-bearing cable, whose functions are performed by the hose
covering the section, thereby reducing the direct transfer of vibrations

of the receiving apparatus to the piezodetector. In this casc the length

of the strand of wires within the section, to which the piezodetectors are
attached, must be not less than 15% longer than the outer hose so that with
a maximum speed of towing, and accordingly, a maximum lengthening of the
hose, the towing force is not imparted to the wires with the piezodetectors.

Special measurements on the 24th voyage of the scientific research ship "Akad-
emik Kurchatov" indicated that the described towing system and the design of -
the receiving apparatus, at a speed of 15 knots, ensure a noise level at the
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recelving channel output of 3-4 plbar in the frequency band 80-230 Hz (0.03
Mbar/Hz) and 6-7pbar in the band 20-75 Hz (0.15pL bar/Hz) with a charac-
teristic linear dependence of the noise levels on the speed of towing (Fig.
4).

Some Results

The developed method and apparatus for CSP at ship speeds up to 15 knots
make it possible to obtain a signal-to-noise ratio of 15-20 db (Fig. 5),
making it possible to trace both the reflecting discontinuities within the
sedimentary stratum and the surface of the acoustic basement in the ocean.
In the course of the 58th voyage of the scientific research vessel "Vityaz'"
and the 24th voyage of the scientific research vessel "Akademik Kurchatov"
by use of such a method it was possible to carry out more than 31,000 km

of CSP profiles with an effective depth of investigations in the sedimentary
stratum up to 2-3 km in dependence on seismological conditions. Figure 6
shows examples of CSP records obtained at speeds of 13 knots in the Indian
Ocean and 15 knots in the Atlantic Ocean.

2

| db 2 }‘[

Fig. 5. Example of record of signal and noise levels of one seismic trace with
ship speed 15 knots. 1) direct wave; 2) reflections from bottom and boundaries
beneath bottom; 3) second full reflectionms.

In the axial part of the Sonda abyssal trench (ocean depth 6.,0-6,3 km), fill-
ed with well-gstratified sediments witn a thickness up to 1.5 km, it is easy
to discriminate the dislocated surface of the acoustic (basalt) basement &,
plunging beneath the island slope (Fig. 6,a). The dislocations associated
with the boundaries of small basement blocks are traced through the entire
sedimentary stratum and are expressed in the bottom relief in the form of
small projections with an amplitude of 20-50 m.

On the CSP profile in the Canaries basin of the Atlantic Ocean near the Cape
Verde Islands (ocean depth about 4 km) a study was made of a sedimentary
stratum with a thickness of 1-3 km, covering the highly dissected surface of
the basement & (Fig. 6,b). In the sedimentary stratum at a depth of about
250 m it is easy to trace the reflecting boundary A, corresponding to the
known Eocene unconformity in the North Atlantic [9], and at a depth of about
1 km beneath the bottom -- the reflecting boundary ﬂ s correlating, accord-
ing to deep drilling data, with the boundary between the layer of black clays
and Lower Cretaceous limestones underlaying them [7, 11].
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Experience in various types of seismogeological conditions (ridges, ocean
basins, abyssal trenches) demonstrated that the developed method and equip-
ment for CSP at speeds of 13-15 knots makes possible a reliable study of
the structure of the sedimentary stratum and relief of the acoustic base-
ment in the ocean. The use of this method will broaden the pessibilities
for carrying out a comprehensive geophysical survey in the oceans on all
the tracks of oceanographic vessels.
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UDC 550.834(261.24)

EXPERIENCE IN CARRYING OUT SEISMIC OBSERVATIONS BY THE REFRACTED WAVES
METHOD IN THE BALTIC SEA

Moscow OKEANOLOGIYA in Russian Vol 19, No 4, 1979 pp 712-717

[Article by A. A. Geodekyan, Yu. P. Neprochnov, I. N, Yel'nikov, I. T. Dub~
ovskoy, A. A. Pokryshkin, Yu. D. Yevsyukov and N. I. Sviridov, Institute
- of Oceanology, submitted for publication 21 March 1977}

Abstract: The paper presents the results of
experimental-methodological work by the re-
fracted waves method along three profiles

on the 16th expedition of the scientific
research ship "Akademik Kurchatov" in
hypothetically petroleum- and gas-bear-

ing parts of the Baltic syneclise (Baltic
Sea). The objective of the work was a clar-
ification of the possibilities of this meth-
od for detecting deep-lying discontinuities
of the sedimentary mantle and the crystal-
line basement under conditions of extreme-
ly shallow water bodies. The source of the
elastic oscillations was a pneumatic sound
source; the recorders were bottom seismo-
graphs. It is shown that there is an essen-
tial possibility for employing the refracted
waves method in its modern instrumental form
in shallow-water areas. The prospects for in-
creasing the "effective depth" of the method
involve an optimization of the method for
placement of bottom seismographs and an in-
crease in the volume of the pneumatic
chambers for the sources of elastic oscil-
lations,

[Text] On the 16th specialized voyage of the "Akademik Kurchatov" (October
1973), in the cycle of investigations directed to study of the possibilit-
ies of finding petroleum and gas in the sea portion of the Baltic syne-
clise of the East European Platform, experimental-methodological work was

10
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carried out by the refracted waves method [1]. The purpose of the work

was clarification of the possibility of employing this method in its
modern instrumental design for the detection of deep-lying discontinuit-
ies in the poseibly petroleum- and gas-bearing sedimentary mantle and
within its crystalline basement under the conditions prevailing in shallow
seas. As the source of elastic oscillations use was made of a pneumatic
sound source} the recorders were bottom seismographs,

The pneumatic sound source in studies by the refracted waves method at

sea came into use relatively recently -- in 1971 [2]. It consists of a
group of four chambers of the design produced by the Ramenskoye Division
of the All-Union Scientific Research Imstitute of Geophysics. The volume
of each chamber is 7 liters. On the preceding expeditions of the Institute
of Oceanology USSR Academy of Sciences such a sound source was used in the
Black Sea and in the Indian Ocean —— in abyssal regions with a thick sed-
imentary cover. The use of bottom seismographs as recorders in shallow-
water seas (< 1000 m) was problematical [4]. It is known that the level

of seismic noise in the range 2-~15 Hz at the sea floor, beginning with

a depth of 1000-1500 m and below, corresponds to its mean level on the
continent. In extremely shallow-water basins of the Baltic Sea type (at
depths 50-200 m) the level of low-frequency microseisms can be still
greater. For this reason bottom seismographs usually have not been used

in such seas. .

In the considered region (Fig. 1) observations by the refracted waves meth-
od were carried out earlier by American researchers [5]. The work was car-
ried out using two ships; the sources of elastic waves were detonations of
INT charges. As a result, refracted waves were obtained from the surface
of the crystalline basement and two above-lying discontinuities in the
sedimentary layer. The depth of the crystalline basement (refracting dis-
continuity with a velocity 5.6-6.0 km/sec) was equal to 1.5-2.5 km. Ac-
cording to data from continuous seismic profiling [1], the layer of un-
1ithified sediments has a small thickness (30-70 m) in the sea. The re~
maining part of the ancient platform cover to the basement surface was
represented by deposits of the Cenozoic, Mesozoic and hypothetically pet-
roleum-bearing rocks of the Paleozoic.

The pneumatic source, with the discharge of air compressed to 100 atm, ex-
cites elastic oscillations in a relatively narrow frequency spectrum ——
10-25 Hz (in dependence on the depth of submergence of the source chamber
beneath the water surface). Therefore, the carrying out of seismic observ-
ations in the Baltic by the refracted waves method with such a source is
interesting in order to detect in a shallow sea the "useful signal-noise"
relationship.

Thus, the region of experimental-methodological investigations is extreme-
ly attractive in both practical and methodological respects.

11
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Experimental method. In the processing of each seismic profile the bottom
seismograph was placed in its central part. Then the vessel moved along
with a speed of 5 knots toward ome of the ends of the profile and passed
it, towing the pneumatic source. Such a relatively simple method ensured
obtaining travel-time curves of the refracted waves, making it possible
to determine the boundary velocities of layers in the earth's crust.

The method for placement of the bottom seismograph differed from that usual-
ly employed in abyssal regions when the instrument is lowered to the bot~
tom under the influence of its own weight [3]. In a shallow sea there is

no parachuting effect during the falling of the instrument due to tugging
on the Kapron cable and foam plastic buoy and therefore the bottom seismo-
graph, dropping down into the irater, develops a great velocity. Upon im-
pact on the bottom, individual working units of the instrument can be put
out of operation due to mechanical damage. Therefore, when placing the
seismograph the first component to be lowered is the capsule with the in-
strument, then the anchor weight, and last the floating marking buoy.
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Fig. 1. Layout of refracted waves method seismic profiles in sea portion
of syneclise (Baltic Sea). 1) contours of Baltic syneclise; 2) profiles

run by an expedition of the scientific research vessel "Akademik Kurcha-
tov''; 3) profiles run by American researchers [5].

The seismograph capsule withstands a water pressure corresponding to a
basin depth of 5 km, but the sea floor depths at the points of placement
of the bottom seismographs in the Baltic was only about 100 m. The cap-
sule was joined by a Kapron cable 10-12 mm in diameter to an anchor weight
weighing 70 kg and a foam plastic marking buoy. The length of the cable
between the anchor weight and the instrument was 50-60 m.

The placement of a bottom seismograph in shallow waters requires excellent
organization and working skills. It is necessary to place the instrument

on the bottom in such a way that the cable between it and the anchor weight
is not taut. Otherwise all the "tugs" from the floating marking buoy would

12
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Fig. 2. Example of seismic record along
profile IIl., a) number of shot point; b)
sec

be transmitted through the weight to the in-
strument, With waves at sea above class 3
and with drifting of the vessel at a speed
greater than 1 knot it was not possible to
free the instrument from the "tugs" of the
freely floating buoy, The length of the
Kapron cable between the marking buoy and
the anchor weight exceeded the sea depth
at the point where the bottom seismograph
was placed by some additional value which
was usually 50-60% of the depth. Such a
regulation of cable length ensured freeing
of the instrument from the tugs of the
floating marking buoy,

The pneumatic source was towed behind the
vessel at a depth of 20 m from the water
surface. The compressed air was released
each 0.5-2 minutes, Thus, with a ship's
speed of ahout 5 knots the intervals between
the impulses of radiation of elastic oscil-
lations was only 75-300 m. Such a density of
observation points corresponds to the detail
of investigations by the deep seismic sound-
ing method on land. The carrying out of
such detailed observations on the voyage was
possible due to the presence of a high~pres-
sure compressor aboard the vessel with a
productivity of compressed air of about 33
liters/minute with its pressure up to 100
atm,

The moments of radiations of elastic oscilla-
tions were registered by a H327-5 automatic
recorder using a hydrophore consisting of
five crystals of PKS~4 piezoceramic and a
matching transformer, The automatic recorder
was also fed time marks from an on-board
quartz clock with a coded signal which record-
ed the day, hour and minute of the radiation
time. The bottom seismographs used ordinmary
6-MKh. sea chronometers,

13
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Fig. 3. Travel-time curves of refracted waves and sea bottom relief along
profiles I (a), II (b), IIL (c). 4) sec ‘

On the voyage use was made of ‘single-~component seismographs with LF ampli-
fiers of the balance type whose amplification factor was 2,000-7,000, The
current supply for the entire bottom seismograph (BS) system was from gal-
vanic cells of the "Mars" type.

The length of each of the refracted waves method profiles worked on the
voyage was 20-35 miles. These profiles were run when waves were not more
than class 3,

- Research results. The observations were made along six profiles, but only

along three of them was it possille to avoid "tugs" of the marking buoy
and discriminate useful signals (Fig. 2).

14
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The level of seismic noise on the bottom seismograph records, obtained on
the voyage, exceeds that for ahyssal seas by a factor of 3-4, For example,
whereas in the abyssal part of the Black Sea (depth greater than 1.5 km)
on the floor it was possible to register useful signals of 2-3V, in the
waters of the Baltic the useful signals are registered beginning only with
8-10}xV and above.

At points where the bottom seismographs were set out determinations were made
of the temperature and salinity of sea water at different bathymetric hori-
zons. Using these data it was possible to compute the velocity values for
the propagation of sound in the water and graphs of its dependence on depth
were constructed. As a result, it was possible to determine the mean vertical
speed of sound in water, which for all profiles was found to be 1450%5 m/sec.
- This velocity was used in computations in the interpretation of travel-time
curves.

All attempts to discriminate a direct sound wave on the records were unsuc-
cessful., Therefore, the position of the bottom seismograph and the points
of radiation of elastic waves on the profiles were determined using only
data from the radionavigation satellite system of the ship.

Profile I (Figures 1 and 3), with a length of 25 km, was situated on the
southeastern periclinal structure of the Bornholm rise, in the zone of pres—
ence of rocks of the Silurian beneath the unconsolidated Quaternary deposits,
and is oriented in a sublatitudinal direction. After placement the bottom
seismograph temporarily malfunctioned due to impairments in the electronic
circuitry of the amplifier. For this reason the record with registry of
refracted waves was obtained only for the western part of the profile. Along
the profile, at a distance 0.1-3.5 km from the bottom seismograph, it was
possible to trace refracted waves from the bottom surface with a boundary
velocity 2.8 km/sec (Fig. 3). The data from work carried out on the voyage
by the CSP method and by dredging indicate that in this region the bottom
surface consists of Silurian deposits with a virtual absence of a cover of
unconsolidated sediments.

Profile II, run 60 km to the east of profile I, has a latitudinal orienta-
tion. At a distance of 20 km to the west is profile B, run by American re-
searchers (Fig. 1), along which there was registry of refracted waves with
velocities of 1.79 km/sec (second arrivals), 3.2-3.7 km/sec (first arrivals)
—— at a distance from the registry points 0.1-1.8 km; 4.8-4.9 km/sec (first
arrivals) at a distance 1.8-9,0 km; 6.0 km/sec (first arrivals) -- farther
along the profile. On our profile in the first arrivals we registered a
wave with an apparent velocity 3.4-4.2 km/sec. It is traced in the range

of distances from the bottom seismograph 1,2-10 km (Fig. 3) and then atten-
uates. Thus, the refracting boundary has a slope from east to west; its boun-
dary velocity is 3.8 km/sec and the depth of this boundary at the site of
placement of the bottom seismograph is 300 m from the bottom surface (with
an arbitrarily assumed velocity in the bottom deposits of 2.0 km/sec).
Judging from these data, and also taking into account the results of CSP

15
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and dredging [1], it can be assumed that this boundary corresponds to the _
top of the Ordovician rocks, represented by the calcareous facies. b
At a number of points on the profile it is also possible to discriminate an

intensive wave with an apparent velocity 1.45 km/sec, but this is not a di-

rect sound wave because its travel-time cuxve is 0.3 sec above the computed

value.

Profile III, with a NW orientation, is situated in the region of a major
brachyanticlinalrise in the Liyepaya Sea (Figures 1, 2 and 3). In the first
arrivals along the profile there is registry of two refracted waves: the
first in the range of distances from the bottom seismograph 0.1-3.4 km with
a velocity 2.8 km/sec; the second in the range 2-12.2 km, is characterized
by a boundary velocity 4.2 km/sec. The refracting boundaries plunge in a
direction from NW to SE; their depth at the point of instrument placement
is 370 and 830 m respectively from the bottom surface. On this basis, and
with CSP materials taken into account, the first of them can be identified
with the top pf the Silurian, and the second with the top of Ordovician
deposits. The irregular waves which are discriminated against the noise
background are tracked along the profile for a distance up to 21 km from -
the bottom seismograph.

Conclusions

On the basis of our experimental-methodological work it was possible to as-
certain a fundamental possibility for using bottom seismographs under the
conditions prevailing in a shallow sea as the recording points in observa-
tions by the refracted waves method with the use of pneumatic sound sources.
In such work particular attention must be given to the choice of a rational
method for the placement of bottom seismographs.for the purpose of "decoup-
1ing" of instruments from sea surface waves.

The use of a pneumatic sound source, consisting of four chambers with a total
volume of 28 liters, did not make it. possible, in the Baltic Sea, to study
refracting boundaries with velocities exceeding 4.2 km/sec. This, evidently,
i{s associated with the absence of low-frequency components (below 10 Hz) in
the radiation spectrum. When carrying out investigations by the refracted
waves method in shallow waters in order to detect deep-lying refracting
discontinuities with high boundary velocities it is necessary to use large-
volume chambers as the pneumatic sources of elastic oscillations.
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II. UPPER ATMOSPHERE AND SPACE RESEARCH

Translations

EFFECTS IN COSMIC RAYS ON 4-~5 AUGUST 1972 ACCORDING TO MEASUREMENTS MADE
ABOARD THE 'PROGNOZ~2' STATION

- Moscow PROBLEMY SOLNECHNOY AKTIVNOSTI I KOSMICHESKAYA SISTEMA "PROGNOZ"
in Russian 1977 pp 136-143

[Article by N. N. Volodichev, N. L. Grigorov, G. Ya. Kolesov, Ye. I. Moro-
zova, A. N. Podorol'skiy, I. A. Savenko and A, A, Suslov]

{Text] During the period 2-9 August 1972 there were considerable and un-
usual changes in the intensity of cosmic rays assoclated with the activ-
ity of the active region Mc Math 11976 on the sun. Interest in these events
is great, but due to the complexity of the transpiring phenomena moie or
less fundamental studies of cosmic rays with model representations have
only recently begun to appear for the mentioned period [1, 2].

= - However, it is noted in these studids that the represented models are qual-
itative, and for the invocation of rigorous theoretical models it is neces-—
sary to have more detailed experimental data.

This paper gives some experimental results obtained on the "Prognoz" sta-
tions for the period 4-7 August 1972,

Forbush Effect in Proton and Nuclear Components

The first Forbush effect in cosmic rays began on 4 August at 0200 UT, Its
onset can be seen clearly for protons (Ep>500 MeV) and nuclei with Z26
(Exin>600 MeV/nucleon) on the basis of data from measurements on the
“"Prognoz~2" station and for the neutron component of secondary cosmic rays
on the basis of neutron monitor data (Fig. 1).

On 4 August ground stations registered two sudden commencements of a mag-
- netic storm (SC) at 0119 and 0220 UT from chromospheric flares on the sun
on 2 August (the vertical dashed lines in Fig. 1).

At about 0700 UT, when the amplitude of the decrease in the proton compon-
ent of cosmic rays was ~10% (in the neutron component ~6%), there was
onset of a rapid increase in the counting rate of protons with Ekin# 500
MeV, associated [3] with the generation of cosmic rays in a solar flare of
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importance 3B, whose maximum phase was observed [4] at 0640 UT. The de-
crease in the intensity of nuclei of galactic cosmic rays (GCR) with Z.26
continued. It could be traced to 1100 UT, after which the "Prognoz-2" sta-
tion entered the near-earth segment of the trajectory (from 1100 to 1300
UT). At 1100 UT the amplitude of the decrease for GCR nuclei with Z»6 was
30:9%, in the neutron component 7-8% according to data from high-latitude
neutron monitors [1]. Between 1300 and 2300 UT there was a small (~30%)

increase in the flux of nuclel with a charge Z}» 6, evidently of galactic
origin.
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Fig. 1. Solar cosmic rays (SCR) and Forbush effect in proton and nuclear
components of cosmic rays 4-7 August 1972, 1) counting rate of protons
(Exin” 500 MeV); 2) counting rate of nuclel with charge 226 (Egin2> 600 Mev/
nucleon); 3) readings of neutron monitor (Apatity); arrows -- solar chromo-

spheric flares; dashed lines (curves) —- averaged profile for nuclei with
Zy6.

KEY:
A. sec
B. relative units
C. hours
D. days

At 2054 UT on 4 August the ground stations registered a new SC from a flare
of importance 3B at 0621 UT on 4 August, after which a second Forbush effect
began in the cosmic rays, In the nuclear component of the GCR the amplitude
of the decrease at the minimum of the Forbush effect for nuclei with 226
was ~ 40%9%; for high~latitude neutron monitors the degree of the decrease
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was ~ 25% [1]. (The amplitudes of the decreases are reckoned from the mean
values for the "quiet" period 1-3 August 1972 and are represented in Fig. 1
by the horizontal dot-dash lines.) We note that from a comparison of the am-
plitudes of the intensity decreases in GCR in accordance with the data from
the "Prognoz-2" station for nuclel with Ekin;>600 MeV/nucleon and for high-
latitude neutron monitors it follows that the ratio of these amplitudes for
the second Forbush effect 1s a value 1.4%0,2; such a relationship does not
agree with the value of the spectral exponent of the Forbush effect Y-
1.2, obtained in [1]. In actuality, in a number of experiments with balloons
[5] and satellites [6] for the spectrum of the Forbush effect in the form
$D/D~E Y, where Y= 0.8, the corresponding ratio of the decrease ampli-
tudes is & 3-4. We note that for the first Forbush effect the corresponding
ratio 1s ~ 3-4,

An investigation of the temporal dependence of the intensity of protons and
nuclei of GCR in the restoration phase of the second Forbush effect indi-
cated that this phase for protons and nuclei with Z>» 2 and Z2 6 transpires

- identically (the ratio of the amplitudes of the decreases is identical). A
similar conclusion with an accuracy to ~4% can also be drawn for nuclei
with 2> 15 with the averaging of data for At = 3 days (such a time inter-
val is still reasonable because the restoration phase is > 10 days).

Solar Cosmic Rays from Flare of 4 August 1972

The initial phase of the increase in the intensity of SCR from the flare of
4 August has been described in [3]. The intensity maximum for SCR from this
flare was attained for energies of about several tens of MeV (data from the
satellites IMP-5, IMP-6 and the "Prognoz-2" station) and for relativistic
energlies (neutron monitor data) virtually simultaneously at 1400-1500 UT

on 4 August., The moment of injection of cosmic rays on the sun, according
to data from high-latitude neutron monitors, is determined by the author

at 1200 UT on 4 August. No relativistic nuclei (Ekin:> 600 MeV/nucleon) with
charges 22 6 and Z) 15 were generated in the flare of 4 August with an ac-
curacy ~10% of the value of the corresponding background fluxes of nuclei,
although nuclei with an energy of several tens of MeV per nucleon were reg-
istered by a number of researchers ("Prognoz," '"Geos-2," photoemulsions on
rockets, etc.).

The circumstance that according to data from the ground network of stations
the effect of an increase in SCR was discovered only after 1200 UT on 4
August was attributable, in our opinion, to the following phenomena. First,
the increase in the intensity of SCR, according to [3], occurred gradually.
Second, during this same period of time the decrease in the intensity of GCR
continued. Third, the magnitude of the anticipated effect in the high-lati-
tude neutron monitors is small (~ 1%), and the anisotropy is also small

[1, 2]. Therefore, only a further approximately fivefold increase in the
intensity of protons with an energy Ekin.> 500 MeV (data from the "Prognoz-
2" gtation) was reliably registered by the high-latitude neutron monitors.

20

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200010011-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200010011-6

FOR OFFICIAL USE ONLY

/A
" ¢
A '\ \
i 2
’ \
/ .
= PN \

-
‘e

-

E

()
-

l? N
<

£

o

¥

i \\
7 al Ll

’l IR NN T I AW Ll IR
797 702 70 £ Equnisn, M8 B

qm, S0, 000 Exgwn, e

a s 500 R;z),M98 c

Fig. 2. Integral spectra of solar protons on the basis of data from meas-
urements aboard the "Prognoz-2" station on 4 August 1972. 1, 2) in expon-
ential form for 1200 UT for emergy (1) and for hardness (2); 3, 4) in power-
law form for energy for 1200 UT (3) and 1500-1800 UT (4); the dashed lines
represent extrapolation of experimental data.

KEY:
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B. Ekine..MeV
C. MeV

Figure 2 shows integral spectra of solar protons for different moments in
time. For 1200 UT the proton spectrum is represented by three methods:
three scales are plotted along the x~axis —— a logarithmic scale for kin-
etic energy and for hardness (rigidity) (R). It can be seen that the spec-
trum with sufficiently good accuracy can be represented in the form J(>P)
- Ae‘P/PO, where Pg = 200 oVin the rigidity range 0.2-2GV, It must be noted
that the magnitude of the flux of protons with an energy 2> 500 MeV for
1500-1800 UT exceeds by two orders of magnitude the corresponding value
obtained in [6] on the basis of an analysis of neutron monitor data. The
reason for this discrepancy is evidently associated with the incorrect val-
ues of the coupling coefficients used in [6].

Unusual Increase in the Cosmic Ray Flux (""Tube") of 5 August 1972

On 5 August in the phase of restoration of the intensity of cosmic rays af-
ter the flare and Forbush effects of 4 August, during the period 0300-0500
UT (according to measurements on the "Prognoz" stations, IMP satellites,
etc.), there was a rather rare phenomenon: an increase in the intensity of
cosmic rays with rather sharp leading and trailing fronts (Figs. 3, 4).
This increase has the following unusual characteristics:

1) the spectrum is rather hard, with an exponent of the integral spectrum
in the case of a power-law representation ~/1.5 for E of the order of sev-
eral tens of MeV per nucleon;

2) the upper energy limit of the increase, estimated on the basis of data
from surface meson telescopes, is ~ 50-60 GeV [1];
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Fig. 3. Increase in differential fluxes of cosmic rays on 5 August 1972 (data
from measurements on "Prognoz-2" station). I-V) protons: I) Ep = 0.1~0.5 MeV
perpendicular to the earth-sun line (¥ = 90°); E, = 1-5 MeV, II) from sun
(9= 0°), III) Y= 90°, IV) toward sun ( ¥ = 157°), V) Ep = 15-30 MeV (¥ =
90°), VI) data from neutron monitor (Tiksi Bay); dashed lines — limits of
increase fronts. A) N, pulses/sec

3) the increase begins virtually simultaneously for particles with different
energies (with an accuracy to the values corresponding to the Larmor radius
of particles in the field H~ 407, such fields were registered on the satel-
1ite "Explorer—~41" [7] before and after the "tube");

4) the energy demsity of particles at 0400 UT#7-102 eV/cm3 (middle of "tube"),
and the energy density of the magnetic field outside the "tube" B2/8 R =
2.484+B2 = 4.103 eV/cm3 (field B = 40Y);

5) the flux of protons 1-5 MeV during the period 0100-0600 is sharply aniso-
tropic., The nature of the anisotropy outside and inside the "tube" is differ-
ent. In the "tube" there is registry of a flux of particles from the sun

with an anisotropy of 20%. Outside the "tube" there is registry of a flux

of protons with an anisotropy ~30% by a detector situated at an angle ¢ =
90° to the earth-sun line;
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Fig. 4. Increase in integral fluxes of cosmic rays on 5 August 1972 (data
from measurements aboard '"Prognoz-2" station). I-IV) protons: I) Ep >15
MeV, II) Ep>30 MeV, III) Ep)lOO MeV, IV) Ep> 500 MeV, V, VI) Epp 600 Mev/
nucleon: nuclei Z26 (V), 2215 (VI); VII) data from neutron monitor (Tiksi
Bay); vertical dashed lines —-- limits of increase fronts; horizontal dashed
lines -- mean values. A) N, pulses-sec

6) for high-energy particles (data from neutron monitors [1]) the aniso-~
tropy 1s ~ 5% with the direction from the sun;

7) the intensities of cosmic rays to the "tube" and after it, according to
data from satellite measurements, are equal to one another;

8) for protons with an energy 1-5 MeV, registered by a detector looking at
the sun ("Prognoz-2" ), before the beginning of the tube there is a brief
(~10 min) increase. A similar increase is observed for higher-energy pro-
tons on the basis of data from instruments situated on the moon ("Apollo-
12, -14, -15" [4]) and can be seen up to energies > 500 MeV on the basis
of data from the "Prognoz—-2" station;

9) the onset of this brief increase, and also the intensity maximum of cos-
mic rays in the "tube" are attained aboard the "Prognoz-2" station 5-6 min-
utes earlier than for the instruments on the moon. At the same time,
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the decrease in intensity (trailing edge of the "tube") according to in-
struments or the "Prognoz" stations occurs later by these same 5-6 min-
utes. The projections of the moon and the orbit of the "Progmoz-2" sta-
tions onto the plane of the ecliptic are shown in Fig. 5. The solar eclip-
tic coordinates at 0400 UT on 5 August for the "Prognoz-2" station were:

X =11.3 Rg: Y = -7.9 Rg; 2 = 13.3 Rg (R; = 6,370 km, X = 72,000 kn, Y =
-50,000 km, Z = 84,000 km); for the moon: Xy = 218,000 km; Yy = -280,000
km; Zp = 19,350 km; X -- direction to the sun; 2 -- directed perpendicular
to the plane of the ecliptic;

10) an absence of an increase for GCR nuclei with an energy Ekin 600 MeV/
nucleon with charges Z> 6 and Z2 15 in the presence of a threefold increase
in the intensity of protons with Eyip >500 MeV (data for "Prognoz-2" sta-
tion);

11) in the "tube" itself there is a gradual decrease in the intensity of
cosmic rays; the rate ofzgecrease increases with an energy increase.
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/”I L 1 - 1 N
Fig. 5. Projections of moon at 0400 UT on 5 August 1972 and orbit of "Prog-
noz" and "Prognoz-2" stations onto plane of the ecliptic in solar ecliptic
coordinates. The shaded sectors correspond to the period 0300-0500 UT.

KEY:
A. Moon
B. Prognoz
C. Prognoz-2
D. Magnetosphere

The enumerated principal characteristics indicate the complexity and un~
usualness of the observed increase effect, requiring further study. However,
some conclusions can be drawn even now. For example, points 3), 4) dndicate
that in this case we are dealing with a spatially limited magnetic trap con-
taining protons up to an energy ~ 50 GeV. At the same time, point 7) does
not agree with the model proposed in [1], and point 10) with the model in
[2]. Points 7-9) can give information on the spatial configuration of the
registered trap.
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INVESTIGATION OF THE EARTH'S PLASMOSPHERE USING TRAPS ABOARD THE 'PROGNOZ'
AND 'PROGNOZ-2' STATIONS

Moscow PROBLEMY SOLNECHNOY AKTIVNOSTI I KOSMICHESKAYA SISTEMA "PKOSNOZ"
in Russian 1977 pp 184~195

[Article by V. V. Bezrukikh, G. I. Volkov, K. I. Gringauz and V. S. Mokrucv]

[Text] This article describes the apparatus used and the method employed in
the processing of experimental data relating to determination of the con-
centration and temperature of cold ions of the plasmosphere and gives some
results obtained aboard the "Prognoz" and "Prognoz-2" stations.

Both stations carried a complex of wide-angle detectors for investigating
low-energy plasma in the magnetosphere and in interplanetary space in the
energy range from 1 eV to 4.2 keV [1].

1. Apparatus

Stations of the "Prognoz" series in flight were oriented on the sun with an
accuracy to 10°, Three traps were mounted on the illuminated side of the
"Prognoz! and "Prognoz-2" stations: a modulation trap Tj and two integral
traps (plane trap Ty and hemispherical tray T3). On the opposite side from
the sun on each station there was one hemispherical trap T,. The axes of
symmetry of the traps were parallel to the longitudinal axis of the sta-
tions (Fig. 1).

The collector current of the trap T2 could be created by ions with energles

E{> 40 eV and electrons with Eg> 70 eV and the current for the trap T3 by

ions with Ei>e50 (¥ is station potential relative to plasma) and electrons

with Eg > 70 eV. In addition, a contribution to the currents of the integral

traps, illuminated by the sun, came from the photoemission from parts of

the trap situated within it. The photoelectric component of the trap current

changed insignificantly as a result of small variations in orientation of

the trap relative to the direction toward the sun and can be determined in
_a comparison of readings of the traps T] and T3, obtained during the time

of station flight in undisturbed interplanetary space.
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The current variations registered by trap Ty and the absence of current var-
iations of commensurable amplitude for trap T; have been interpreted as vari-

ations of the flux of thermal ions.
qomnge  gun
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Fig. 1. Positioning of traps on "Prog- Fig, 2. Diagram of hemispherical
noz," "Prognoz-2" stations for registry trap. 1) grid C1 (potential O V;
of ions with e g<EC4200 eV (T1); with 2) grid Cp (potential 70 V); 3)
E{240 eV (Ty) and E4>e Pg (T3, Ty). collector (potential 20 V)

In order to determine the ion concentration we used readings of the shaded
trap T4, free of a photocurrent, for which the angle of attack (the angle
between the axis of symmetry of the trap and the direction of station
flight) was at the same time more favorable in the course of the greater

part of the period of active existence of both stations than for the illum-
inated trap. . e . . .
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Fig. 3. Angular characteristic curve (a) of hemispherical trap (solid curve
-- taking into account the shading of the field of view of the trap by the

station body) and dependence of the trap current on ion energy (b) (dashed

line -~ result of extrapolation when 0.1 eV<EL3 eV).

A diagram of a hemispherical trap is shown in Fig. 2. The outer grid of trap
C1 was fabricated from a nickel "screen" with a transparency coefficient
0.75. The suppressor grid Cy was fabricated from gold-tungsten wire with a
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diameter 0.02 mm, galvanically attached in a Kovar ring. The grid trans-
parency coefficient is 0.98. The collector is a stamped nickel plate with
a thickness: 0.08 mm,

The presence of a considerable negative potential across the grid C2 (~70 V)
creates a field in the space between the two grids; this effectively at-
tracts to the collector positive ions with energles Ej #1 eV, arriving at
the outer grid with angles of attack o < 120° ( ¢ 1is the angle between
the direction of the flight of the particle and the axis of the trap).

The characteristics and parameters of the hemispherical traps, necessary for
computing the concentrations and temperatures of ions on the basis of the
currents measured by the trap, were investigated experimentally., For this
purpose the trap was placed in a vacuum chamber in which a pressure ~ 3.10-6
mm Hg was maintained and was irradiated by low-velocity fluxes of Art ions
with the parameters: 1) mean energies Eg of the ion beams 3 eV Eg 10 eV;

2) scatter of a beam of ions by energies Ep,y/Eq = 0.1-0.15; 3) beam cur-
rent J = 2.10~8 A; 4) decrease in density of beam current from its axis to

a distance equal to the radius of the outer wall of the trap, 5%.

In a laboratory experiment we measured the current in the circuit of the trap
collector when it is irradiated by ion beams with angles between the axis of
symmetry of the trap and the direction of the ion flux 0°¢ & & 180° for the
mean energies. of the beams 3 eV EX10 eV. The characteristics of the trap
for ions E<3 eV were obtained from the similarity relationships for E = 3
eV and a multiple increase in potentials across its electrodes,

As indicated by a laboratory experiment, the instrument function F(&, v) of
the trap (that is, the dependence of the current registered by it on the
angle of arrival of the ions relative to the axis of symmetry of the trap

and ion velocity v) for ions with energies E<10 eV can be represented
in the form F(4, v) = F1(8) F2(v). Curves of the functions F; and Fp are il-
lustrated in Figure 3,a and b. The width of the trap diagram F{(&) at the
0.1 level is ~130°. However, in flight the angular diagram was limited by
the body of the station to 100°.

The function F2 characterizes the dependence of the trap current on ion en-
ergy for ions entering into the trap. Figure 3,b shows that with an ion en-
ergy E{<3 eV there is some increase in the function Fp, evidently deter-
mined by an increase in the effectiveness of focusing of lons by the field
of the grid Cy with a decrease in particle energy. .

2. Method for Processing Data

Now we will examine a method for processing trap measurements on the assump-
tion that the station potential is

o, .

< sk (1)
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where k is the Boltzmann constant; e 1is electron charge; T{ 1s lon tempera-
ture.

L0
2

V2

V/4

a4 L
7 67 Y/ & 2y 140
c«,zpod  degrees

Fig. 4. Dependence of the current j (V, T, o) registered by a trap when n -
1 ion/cm3 on ion temperature T{ and the angle of attack & for a station
velocity V - 8 km/sec (a) and V - 5 km/sec (b)

We will denote by j the current which the trap registers with an :Lon concen~
tration nj = 1 fon/cm3; then with a concentration ni the trap registers the
current J = jnq.

In a coordinate system moving with the station, with a Maxwellian velocity
- distribution and ¥ <€ kTi/e o
Dy 6y 2%
1= ()5 § § fromomen(- g +
c00 0 -

(2)
4 V% — 20V (sina sind cosgp — cosa cose)]} sinf dvdbdo,

where m is the ion mass; S is the trap aperture area; V is station velocity;

F1(9) is the angular characteristic of the trap; Fo(v) is a function char- .
acterizing the dependence of the' trap current on ion velocity; v is ion vel- i
ocity in a fixed coordinate system; &, ¢ are the coordinate angles.

The upper 1limit of the first integral in formula (2) vi = 4(kT/m)1/2 The q
upper limit of the second integral 6 1s the width of the angular diagram,

taking into account its shading by the station body (for traps T3 and T4,

mounted on the "Prognoz," "Prognoz-2" stations, 80 = 100°).

The j values were computed on an electronic computer for temperatures 2e 103
K T1 < 25¢ 103k, a station velocity 3-10° cm/sec<V<10 cm/sec and angles
of attack 0 °C ot & 180° (see Fig. 4).

Due to the fact that according to estimates of T{ in the plasmosphere on
the stations "Elektron-2" [2, 3] and "Prognoz" [see article on page 196 in
this collection of articles], and also measurements on the 0GO-5 satellite
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[41, Tixm‘*l(, computations of n4 according to data from the trap T4 on the
"Prognoz" and "Prognoz-2" stations were made on the assumption that Ty =
104K, As indicated by estimates, the possible errors in determining nj, as-
sociated with the difference in the real ion temperatures from Ty = 105K, do
not exceed the coefficients nj max/ni min< 1.5 with 4+103k < T4 €20-103K and
0° X £ 90°.

The ion concentration ny was computed with an electronic computer from the
expression

ny = Juou/j (@ V)1, = 100k (3)

[A3 M = meas] for each measured current value Jpezs, taking into account
the real value of the angle of attack and station velocity V. The angle of
attack O of the trap T4, mounted on the shaded side of the "Prognoz"
station, was determined from orbital data using the formula

a, = arccos (— Vxse/V))l (4)

where Vxgp is the projection of satellite velocity onto the X axis in a
solar-ecliptic coordinate system; V is the station velocity modulus. The
angle of attack for the trap T3, mounted on the illuminated side of the
"Prognoz" station, is -

Qg = 180"—0.1.
. (5)
% ¥ a 5 3
47r 5 - 4
5 . J
95 -
47 - 2
o 7

1 | ! i L 1 1 1 1
4 VA 20 J n 207,100
Fig. 5. Dependence of ratio of currents for traps T3, T4, situated on the
"Prognoz" station, on lon temperature and angle of attack ©OCj of trap Ty
for ®4: 1) 0°, 2) 30°, 3) 40°, 4) 50°, 5) 60°, 6) 70°

The error in determining the angles of attack, associated with inaccuracy
in maintaining station orientation, in the "Prognoz" case was & 10° and
for the "Prognoz-2" -- ~20°, However, due to the broad angular diagram of
the traps, the error nj, associated with uncertainty of the angle of at-
tack, was ~ 20% in the first case and ~40% in the second.

For determining n{ the measured values of the current for the trap T4 as a
function of time Jpeas(t) and the station velocities V(t) and its projec-
tion onto the X-axis in a solar-ecliptic coordinate system VXSE(t) were
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introduced into the electronic computer memory. Excluding time, for each
Jmeas the V and Vygp values were appropriately introduced and the angle of
attack was determined with (4) and (5) taken into account. Finally, using
a j(V,ot) table for known V and o(, precomputed and introduced into the com-
- puter memory, we determined the j value, after which nj was determined from
(3. . )
Ayl degrees 4 :

2
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X o7
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y 4 \ 7\ AW
P AT
AT S Y
5, A~
- —
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-s0 B}

Fig. 6. Projection of orbits of "Prognoz" station on 20 May 1972 (1) and
"Prognoz-2" station on 7 July 1972 (2) onto meridional plane in geonmagnetic
coordinates Rg, A and onto equatorial plane in coordinates Rg, LT. The dash-
ed lines are segments of trajectories passing outside the plasmosphere, the
solid lines are for trajectories passing within the plasmosphere Rg, LT.

It follows from (2) that the ion current, registered by the integral trap,
on the assumption of a Maxwellian velocity distribution of ions, 1s depen—
dent on ion temperature. With a station velocity V~(2kT/m)1/2 (specifical-
ly this relationship of velocities is observed in the plasmosphere) in order
to determine Ty it is possible to use a method based on the dependence of
the trap current on the angle of attack o<, If we have two current values,
Jp and J1, measured with two known values of the angles o¢] and &< 2 in the
course of a sufficiently short time interval in order to assume nji and Ti
to be constant, it is possible to find Ti from the ratio

JJy = Jy (2, TN (@1, T9).

As the two current measurements it is possible to use both measurements
made with one trap on a rotating space vehicle and measurements made using
two traps on a stabilized vehicle, but differently oriented relative to the
velocity vector.

The values j(Ti, %, V), obtained as a result of computations, and the re-
lationship between the angles of attack of the traps T3 and T4, mounted on
the "Prognoz" station, make it possible to obtain the dependence of Tj on
the ratio of the currents for the two traps J2/J1. Examples of the dependence
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Fig. 7. Concentration of ions ni in plasmosphere measured by trap T4 on
"prognoz" station on 2Q May 1972 (a) and on "Prognoz-2" station on 7 July
1972 (b) on descending (I) and ascending (II) segments of orbit. The letters
denote the points where the "Prognoz" (subscript 1) and "Prognoz~2" (sub-
script 2) statfons intersect the plasmopause (a, c, d, f) and the geomagnetic
shells with minimum values of the L-parameter (b, e).
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J9/31 (or j1, j2, which is the same thing) on ion temperature for 0° x g
60° are given in Fig. 5.

Figure 5 shows that the accuracy in determining Ti from the known ratio Jp/
Jq decreases with an increase in ¢¢j. In this article the ion temperature
was determined for T; £25 000 K in the range of angles o1 = 0-35° (in this
case O<9 = 180-145°); in the future plans call for carrying out determina-
tions of ion temperature also for T4 >25 000 K.

The adopted limitations on the angle 0{] made it possible to determine Tj
only in the daytime part of the plasmosphere, whereas limitations on ion tem-
perature in some regions of the plasmosphere made it possible to determine
only the lower limit of possible T{ values.

If it 1s assumed that the error in measuring T{ is determined by the errors
in measuring J2 and J} and an inexact knowledge of the & value, it can be
demonstrated that the relative error in determining Ty during the period
from 8 through 20 May 1972, when & 1<30°, with T{~25 000 K was § T1/Ti

R 10%, whereas during the period from 17 through 25 June 1972, when o4 =
30-35°, & Ty/T4#25%.

It should be noted that for determining T{ on the basis of data registered
by the traps T3 and T; on the "Prognoz" station it is necessary to intro-
duce first a correction for the photocurrent into the readings of the trap
T3, illuminated by the sun. This correction is determined from a comparison
of the currents of the illuminated trap T3 and the modulation trap T3 in
interplanetary space. The photocurrent of the trap T3 is Jph = J - Jp, where
J is the current measured by the hemispherical trap, Jp is the value of the
ion currents of the solar wind, measured by the modulation trap Tj, whose
readings are virtually free of a photocurrent, reduced to the dimensions

of the trap Tj.

3. Measurement Results

The near-earth segment of the "Prognoz" and "Prognoz-2" orbits is shown in
Fig. 6,a,b (Rg is geocentric distance, A is geomagnetic latitude, L is the
geomagnetic shell parameter, LT is local time). The lines of force of the
geomagnetic field (in a dipole approximation) are shown in Fig. 6,a in the
form of a family of curves. The horizontal shading denotes the region with
A € 45°, beyond whose limits the high~apogee American satellites (IMP-2,
0G0o~-1, -3, -5, C3A), outfitted with instruments making it possible to reg-
igter cold plasma in the plasmosphere [4-10], did not penetrate. The oblique
shading denotes the region in which measurements were made of the plasma con-
centration on polar and high-latitude satellites with an apogee 5: 3000 km:
"Explorer-32," 0GO-6, "Kosmos-378," ISIS-1 [11-15].

The peculiarities of orbits of stations in the "Prognoz" series made it pos-
sible not only for the first time to obtain information on the ion concen-
tration in the region of the plasmosphere with the coordinates R>1.5Rg
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and A >45°, but also in the course of relatively short time intervals (1-2
hours) to obtain data on the ion concentration in sectors of the geomagnetic
shells 3 L7 both distant from and close to the earth.

During many revolutions of both stations around the earth during the period
from 18 April through 25 November in the course of about four hours they in-
tersected the plasmopause four times in one revolution: twice in the descend-
ing segment of the orbit and twice on the ascending segment. The total number
of the orbits of both stations in which plasmospheric ions were measured ex-—
ceeds 60,

Figure 7,a,b shows data on the ni distribution in the plasmosphere, obtained
on the "Prognoz" on 20 May 1972 and on the "Prognoz-2" on 7 July 1972, The
ny (L) distribution, measured on 20 May, is characteristic for a plasmosphere
greatly deformed by the strong magnetic storm of 15 May 1972 when the Kp in-
dex attained 8.

On the descending segment of the orbit on 20 May the "Prognoz" intersected

the plasmopause at 0913 UT, approximately at midday LT, at an altitude of

22 700 km (L 24.6) in the plane of the geomagnetic equator (point a] in Fig-

ures 6 and 7, a, I). The ion concentration in the plasmosphere near the

- plasmopause was ~ 50 ions/cm3. The approach of the station to the earth to
an altitude 10 000 km (point by in Figures 6 and 7,a,1) was accompanied by
a decrease in the values of the L-coordinate from 4.6 to 3.15. The value of
the ion concentration increased to ny = 6+102 ions/cm3. With a further ap-
proach of the station to the earth in the segment 10 000 km>h > 3500 km
the L-coordinate increased to L = 11 and the trap registered a decrease in
ni.

Figures 6 and 7,a show that the plasmopause (c]) was repeatedly intersected
in the interval of 1330-1500 LT at altitudes 5000 km>L >3500 km (5<L<1l).
A more precise determination of the position of the plasmopause at altitudes
< 5000 km according to data obtained on the "Prognoz," "Prognoz-2" stations
is difficult as a result of the low frequency of interrogation of the tele-
metric system (once in 41 sec) in comparison with the velocity of intersec-
tion of the L-shells by the stations at these altitudes.

The currents registered by the T4 trap in the segment 3500-2700 (correspond-
ing to the mentioned altitudes: L-coordinates 12, 28, 12; LT about 15, 18,
22) were evidently formed either by leaking protons with an energy ~ 1 keV
or by fluxes of solar wind protons.

In the immediate ueighborhood of the perigee, whose altitude on the consider-
ed revolution was 2368 km, in the course of 2 min at. 6.3<L<8.7 the trap
registered currents close to the limit of Instrument response. The ni values
did not exceed several units per cubic centimeter.

On the ascending segment of the revolution the plasmopause was intersected
a third time at an altitude of 2370 km (L=5) at 1044 UT and ~ 2300 LT. The
ion concentration near the plasmopause was ni = 102 ions/cm3. With an increase
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in altitude by only 300 km (but with a decrease in the L-parameter from 5.0
to 2.1) ni increased by a factor of more than 10 and at h=2570 km nj =

3.103 ions/cm3. At altitudes 2370 km <h< 4500 km, where the coordinate at-
tained a minimum value L = 1.8, the ion concentration increased slowly to
4+103 fons/cm3, With a further increase in altitude and the L-coordinate

the ion concentration changed, to ni = 102 fons/cm3 at an altitude h =

14 540 km (L = 4.6); here at 1138 UT and ~~ 0100 LT the station for a fourth
time passed through the plasmopause.

During the first period of its life the "prognoz-2" orbit considerably dif-
fered from the "Prognoz" orbit on 20 May 1972. However, already late in
July 1972, as a result of evolution of the "Prognoz-2" orbit, the same as
in the case of the "Prognoz," approaching the earth, intersected extreme-
ly remote L-shells.

The data on the ion concentration in the plasmosphere, cited in Fig. 7,b,
- were obtained on the "Prognoz-2" on 7 July 1972 during the time interval
0325-0720 LT.

The first intersection of the plasmopause by the "Prognoz-2" station oc-
curred at an altitude hz2 40 000 km near the plane of the galactic equator

(L = 8.7, point aj in Fig. 6,a,b; 7,b). At an altitude h=6000 km (point

by in Fig, 6,a,b; 7,b; L = 2.5) the ion concentration attained the maximum
ny = 2.103 ions/cm3 and with further approach of the station to the earth
(but with an increase in the L-coordinate) began to decrease and attained
the minimum nj = 8.102 ions/cm3 at L = 3.4 (point ¢2 in Fig. 7,b). With in-
creasing distance of the station from the earth the ion concentration, accord-
ing to the trap readings, changed insignificantly up to the clearly express-
ed plasmopause, which the station intersected at an altitude h = 11 000 km
(L = 4,13 ~0640 LT) at 0716 UT (point £2 in Fig. 6,a,b; 7,b).

The measurements made by the traps on the "Prognoz" station during the per-
iod from 22 April through 20 July 1972 were used for determining the ion
temperature in the daytime sector of the plasmosphere by the method describ-
ed above.
Detailed data on the ion temperature in the plasmosphere are given in an
article in this collection of papers [p 196]. We note here that according
to preliminary data, on 22 April 1972, at altitudes 4000-16 000 km (2.5 <
L<3.6) the ion temperature changed from 3000 to 10 000 K.
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DEPENDENCE OF POSITION OF THE FRONT OF THE CIRCUMTERRESTRIAL SHOCK WAVE AND
THE MAGNETOPAUSE ON PARAMETERS OF THE SOLAR WIND AND PLASMA STRUCTURE OF
THE MAGNETOPAUSE ACCORDING TO DATA FROM THE CHARGED PARTICLE TRAPS ABOARD
THE 'PROGNOZ' AND 'PROGNOZ-2' STATIONS

Moscow PROBLEMY SOLNECHNOY AKTIVNOSTI I KOSMICHESKAYA SISTEMA "PROGNOZ"
in Russian 1977 pp 242-255

[Article by V. V. Bezrukikh, T. K. Breus, M. I. Verigin, P. A. Maysuradze,
A. P. Remizov and E. K. Solomatina]

[Text] The "Prognoz" and "Prognoz-2" stations carried sets of ion traps for
measuring the characteristics of ions in the solar wind and earth's magnet-
osphere. Each of these sets included a modulation trap for measuring the
differential spectrum of lons in the energy range 0-3.85 keV and three in-
tegral traps. The modulation and two integral traps were oriented on the
sun; one integral trap was oriented in an antisolar direction. Measurements
of the ion fluxes by means of the modulation trap were made in eight energy
ranges (0-0.03, 0-0.22, 0,22-0.36, 0.36-0.58, 0.62-0.94, 1.0-1,48, 1.58-2.53,
2.8-3.85 keV). The time interval between interrogation of the energy inter-
vals was ~ 40.8 sec; therefore, the full spectrum of ions was registered
in 5.44 minutes. The integral traps registered the sum of the flux of ions
with an energy E> max (0, e¥y), where ¥y is the station potential, and
the flux of electrons with an energy > 70 eV; they were also interrogated
once in 40.8 sec. A detailed description of the apparatus and sensors was
given 1in [1]. :

In this article we analyze the results of measurements made using modula-
tion traps in the shock wave region and in the magnetopause region aboard
the "Prognoz" and "Prognoz-2" stations during April-October 1972 (from 29
July through 17 September —- the results of simultaneous measurements). The
data from the integral ion traps were used only for refining the times of
intersections of the magnetopause and the shock wave front because they
were obtained with a greater time resolution than the data from the modula-
tion traps.
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1. Investigation of Variations of Position of Shock Wave Front and Magneto-
pause

Simultanecus measurements in the solar wind and magnetosphere aboard two or
more vehicles is interesting and for the time being is still a relatively
rare possibility for studying the correlation of different processes. Ac-
cordingly, for investigating variations in the position of the shock wave
front and magnetopause use is made precisely of data from simultaneous meas-
urements aboard the "Prognoz" and "Prognoz-2" stations.

Intersections of the shock wave front and the magnetopause by these stations
were registered on the basis of the characteristic change in the form of
the modulation trap spectra and changes in the current registered by the
integral traps. In the transition region the modulation traps register the
broadening of the ion spectrum in comparison with the solar wind and dis-
placement of the spectral maximum to lower emergies. Thermalization (znd
accordingly, an increase in the flux) of electrons and a decrease in the
transport velocity of ions has the result that in the transition region
the currents of the integral traps become negative. In the earth's magneto-
sphere, near its boundary, the level of the currents registered by both the
modulation and integral traps decreases sharply and is close to the re-
sponse threshold of the traps [2].

The intersections of the shock wave front and magnetopause observed by one
of the stations were compared with the changes in these boundaries computed
using data on the dynamic pressure of the solar wind obtained at the other
station; the results of the comparison are shown in Figures 1-3. Descrip-
tions of the figures are given below. How the comparison was made will be
discussed below.

It follows from gas-dynamical computations that with sufficiently great
values of the Mach numbers the distance to the shock wave front Rg and the
magnetopause RM (with a not too great angular distance ¢ of the current
point from the direction to the sun) can be written approximately in the
following form:

Rs, m = Cs, m (V2" fs, M (), @

wvhere C = const, © is density and Y is the velocity of the solar wind; f(¢)
is a factor describing the configuration of the front or magnetopause. It
can be seen from formula (1) that with %= const the change in the distance
to the boundary is dependent only on the change in the dynamic pressure of
the solar wind V2,

In order to exclude the relative change in the positions of the investigat~
ed boundaries and stations, associated with a change in the ¢ angle, occurr-
ing during motion of the stations in orbit, in each of the analyzed time
intervals the segments of the station orbits were reduced to one and the
same angular value. For this purpose use was made of the configuration
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fg (%) of the mean front of the shock wave and magnetopause, computed
on’the basis of all the registered intersections (Fig. 4). A similar
transformation of the trajectory was used earlier by the authors of {41,
who on the basis of observational data on three satellites for the first
time obtained confirmation of the dependence of front position on the dy-
namic pressure of the solar wind.

Rl
R(Rg)

20

V4

M

/3

L1 ! L

! 1 1 Il

1 1 J 1 1 Il
76.00 2000 Y .00 02.00 9700 J5.90 T

Fig. 1. Comparison of intersections of shock wave front and magnetopause
observed on one of the "Prognoz" stations in July 1972 with the positions

K of these boundaries (stepped curve), computed on the basis of averaged data
on the dynamic pressure of the solar wind obtained on the other station
(a, ¢ and d). The diagram shows the relative position of the "Prognoz" (P)
and the "Prognoz~2" (P3). Also given are the values of the % angles (sun-
earth-vehicle) at the times of the intersections. a) 2 July, ¥= 57°, c)
3 July, d) 16 July, P = 90-95°.

Figure &4 in solar-ecliptic coordinates (the Xgg axis passes through the cen-
ter of the earth and is directed toward the sun) shows the positions of the
"Prognoz" and "Prognoz-2" stations at the times of their intersectionms of
the shock wave front (Fig. 4,a) and the magnetopause (Fig. 4,b): the dots
correspond to single intersections of the boundaries, the segments of the
dashed lines correspond to repeated intersections, the solid segments of

the s¢raight lines in Fig. 4,b show an indistinct transition from the trans-
itior. region into the magnetosphere (see Section 2). The boundaries
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Fig. 2. Comparison of positions
of shock wave front observed on
the "Prognoz" station and posi-
tions of front computed on the
basis of averaged (a) and unaver-
aged (b) data on the dynamic pres-
sure of the solar wind obtained
on the "Prognoz-2" station on 19
August 1972 ((F -- 98°),
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were approximated by arbitrary second-order axially symmetric (relative to

the Xgg ax1s) curves. The mean square dlstances along the normal to the
boundary for the intersections shown in Fig. 4 were minimized for three

parameters. . o \
AR 72 7
R(RE)
22 + 5
rz s
20 +
u M
78 |
1 1 Il 1 ! | ] 1
2100 2800 agl.o0 2100 2400 aa0 vt
Fig. 3. Same as in Fig. 2 for positions of magnetopause 29-30 August 1972
(¢~ 105°) . . :
Z,52 Z+72
a ViZezl,m |\ 7 VYZ+z; Ay Ry
- \ e Lag >~
N ,
i L A
[N U u. ‘.'
4, \' '\ ,"' /

242

/‘ L "
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Fig. 4. Mean positions of shock wave front (a) and magnetopause (b), obtain-
ed using data on intersections of these boundaries at both stations during
period April-October 1972,

Table 1 gives parameters characterizing the mean position of the front and
' magnetopause, computed in the approximation mentioned above.

It should be noted that in [5], on the basis of data from electrostatic an-
alyzers aboard the "Prognoz" station, the mean position of the front was
computed, The difference in the parameters of the mean front obtained in
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[5] (hyperbola with £ = 1,09, p = 28.6 Rg, Rﬁ = 13.7 Rg) from those ob-
tained in this study can be related both to the use in [5] of a lesser
amount of experimental points and to the fact that in that study there
was minimizing of the mean square radial deviations of these points from
a second-order axlally symmetric curve with its focus at the center of the
earth.

Table 1
Characteristics of Front and Magnetopause
DHCOEBT PHCH n a T
B ) aCCTOARHE KpRBO| Kyca
N TPAHHIK TeT € 9 s,M: Rag 7 Rg 4 F R3 5
6 OponT 0,85 13,1 23,4 0,5
7 MargaTonayaa 1 9,9 10,1 4,5

1. Type of boundary

2, Eccentricity &

3. Frontal distance Rg y, Rg
4. Parameter of curve p, Rg
5. Position of focus XF, Ry
6. Front

7. Magnetopause

In Figures 1-3 the blackened segments of the orbits correspond to the time
of presence of the stations in the transition region S and in the magneto-
sphere M, the thinned-unblackened segments represent the presence of the
stations in the solar wind W and in the transition region S. In these fig-
ures the trajectories of the stations have been reduced to some fixed
angles ¥ (see above); the distances scale (along the y-axis) is logar-
ithmic, which made it possible to compare the computed graph - 1/6 1g (p v2)
(stepped curve) with the observed intersections of the front and magneto-
pause by means of shifting of this curve parallel to the y-axis. Thereby

it was possible to avoid use of an inexact empirical coefficient Cg M in
formula (1) and a constant factor in computing P V2 from the measured spec=
tra. We note that in computing the dynamic pressure of the solar wind the
greatest contribution is made by the energy intervals with maximm readings
(one-two intervals in the spectrum). Therefore, the computed values OV
actually are the mean values for the time period < 1-1.5 min,

The computed positions of the front and magnetopause in Figures 1, 2,a and
3,a were determined using the values of the dynamic pressure of the solar
wind PV2, averaged for two-three spectra, that is (taking into account
what has been said above) for 5-10 minutes, whereas in Fig. 2,b and Fig.
3,b == on the basis of the pV2 values for each spectrum (£ 1-1.5 min).

Figures 1, 2,a and 3,a show that there is a rather good correspondence be-
tween the positions of the computed and observed limits. A comparison of
these figures with Fig. 2,b and 3,b shows that the correspondence worsens
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considerably for unaveraged data. It can therefore be concluded that the
characteristic time for the setting-in of quasistationary positions both
of the shock wave front and the magnetopause with changes in pressure of
the solar wind is ~5-10 min. We note that this time in order of magnitude
agrees with the time of propagation of fast magnetosonic waves (~70-100
km/nee), transmitting "informatlon” from the shock wave front to the mag-
netopause and back (at a distance A~3-5 Rg).

A statistical investigation of the dependence of the positions of the fromt
and magnetopause on the dynamic pressure of the solar wind, carried out us-
ing a great volume of data obtained using the one satellite IMP-4, was
presented in [6]. The author concluded that the position of the magneto-
pause could be predicted more poorly than the position of the fronmt. Evi-
dently, this was associated with the great time gap between the moments
when the satellite intersected the magnetopause and the period of its pres-
ence in the undisturbed solar wind, for which the dynamic pressure was de~
termined.

/f/ﬂsl
a Vet 21 Ay kE

sz ’s
422 17
{m

~ N\ 7 17,
{s

ni2
X BT 103 /z,é -
W 7400 75007

Fig. 5. Diagram determining the velocity of motion of the shock wave front
using data from simultaneous observations on two stations on 3 July 1972,
The notations are the same as in Fig. 1.

Simultaneous measurements on two spatially separated space vehicles can be
used conveniently for a direct estimate of the velocity of motion of the
shock wave front. Figure 5 shows a case when the "prognoz" and "Prognoz-2"
stations, flying toward one another, in the orbital segments situated in
the subsolar region of circumterrestrial space, registered multiple inter-
section of the shock wave front. At 1411 UT the "Prognoz" intersected the
shock wave front and entered the transition layer. At this time the "Prog-
noz-2," being situated in the solar wind, began to register a monotonic
decrease in ;DVZ, that is, the shock wave front must smoothly withdraw
from the earth (without performing to-and-fro motions (Fig. 5,b). In ac-
tuality, at 1422 UT the front overtook the "Prognoz-2," also withdrawing
from the earth. Thus, in 10 minutes the shock wave front passed ~2Rg
along the normal to its mean surface and its mean velocity, accordingly,
was ~20 km/sec.
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Fig. 6. Characteristic changes in form of ion spectra of modulation traps

(upper curves in a and b -- currents of integral trap) during intersec-

tions: distinct magnetopause 28 May 1972 when ¢~ 6° and Kp - 3 (a) and

diffuse magnetopause on 9 September 1972 when ¥ - 30°, Ky -0, Pogy =

49°, AggM = -56° (b) and 16 May 1972 when ¢ - 73°, Kp - 1, Pegm = 25°

Mggm = —1° (c). The change for the ica flux pV during intersection of the

diffuse boundary on 16 May 1972 (c) is shown by the curve. The arrows with

the figures denote the times UT which correspond to the spectra cited under

the curves: 1) 170Q, 2) 1800; 3) 1835; 4) 1900, 5) 1911, 6) 1938, 7) 2006,

8) 2038, 9) 2155 _
In another similar analyzed case (31 July 1972) the velocity of movement -
of the front was ~10 km/sec., These estimates in order of magnitude agree

with the earlier obtained experimental estimates of the mean velocity of
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motion of the front ~’10-20 km/sec [7-9] and with theoretical computa-
tions [10, 11].

| mkhm”\‘”\v\«”\h NV\‘: .“t.‘
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Fig. 7. Primary ion spectra obtained using five identical modulation ion
traps on the "Prognoz-3" station on 8 April 1973 (Ygp = 88°, Agg = 110°,
@ = 90°) during intersection of diffuse magnetopause.

In [12], in which the velocity of motion of the front was computed using
the Rankine-Hugoniot relationships, a mean velocity value ~85 km/sec was
obtained. Such evaluations involve considerable difficulties in determin-
ing the concentration and vector of the transport velocity of ions in the
transition region, for which it is difficult to select a suitable form of
the distribution function (for example, see [13]).

Evidently, one can agree with the authors of [10] in that the high velocit-~
ies of movement of the front, obtained in some studies [12, 14], can be re-
lated to extremal conditions in the solar wind (exceedingly small values of
the Mach number, tangential discontinuities with concentration jumps > 4

or < 1/3, by shock waves, etc.), which are realized rather rarely.

2. Investigation of Plasma Structure of Magnetopause
An analysis of intersections of the magnetopause by the "Prognoz" and "Prog-
noz-2" stations indicated that in 49 of the 93 considered cases there was a

_ gradual change in the nature of the spectra, lasting from 10 minutes (in

45

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200010011-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200010011-6

FOR OFFICIAL USE ONLY

several cases) to several hours. With respect to such intersections the

magnetopause will henceforth be called diffuse, as, for example, in [15,
16].
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Fig. 8. Comparison of data from simultaneous measurements of the character-
istics of ions and the magnetic fileld on the "Prognoz" station on 8 May
1972 with intersection of the diffuse magnetopause (¥gg = 70°; Agg =

-41°),
Table 2

Latitudinal Distribution of Number of Cases of Observation of Diffuse and
Distinct Magnetopause

Maraatonayas 9

®oxny TPAR 1 MO!alag peaxm4 Bce;o %
0—30 24 23 47 51
30—50 8 14 22 3
50—170 17 7 24 71
KEY:

1. %Fec1s degrees

2. Magnetopause

3. Diffuse

4, Distinct

5, Total

Figure 6,a shows an example of the characteristic change in the primary ion
spectra and currents in the integral trap oriented on the sun during inter-
section of a distinct magnetopause on 28 May 1972 and Fig. 6,b is the same
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during intersection of the diffuse magnetopause on 9 September 1972, In

the first case a marked change in the nature of the spectrum of the modul-
ation trap and the current of the integral trap occurred in a time less than
40.8 sec. Figure 6,c illustrates the passage of the "Prognoz" station
through the diffuse magnetopause on 16 May 1972; it shows changes in the ion
flux

00
nv = 3,67.1017 Z 1y

i=1
(where I is the current in amperes registered in the i-th energy interval)
and a number of spectra corresponding to the times noted on the nV curve by
arrows with the figures 1, 2,..., etc.; also given are the angles ¢ (sun-
earth-station) and Kp are indices relating to the period when the stations
intersect the magnetopause. Figure 6,b,c shows that with transition from
the transition region into the magnetosphere there is a smooth change (de-
crease) in the ion flux and a gradual softening of the spectra (relative
decrease in the currents in the energy intervals corresponding to high en-
ergles) at the distance fVZRE. The maximum gradient of the ion flux was ob-
served at a distance ~ 1Rg. : '

A proof that the observed softening of the spectra is not a result of avert-
ing of the plasma flow from the trap during movement of the station into the
magnetosphere are the results of measurements of lon spectra using five
similar modulation traps on the "Prognoz-3" station in 1973 (Fig. 7). The
axes of four of these traps formed an angle of 30° with the axis of the cen-
tral trap, oriented on the sun; the ion spectrum in the energy range 0-4

keV was registered in 10 minutes in 16 energy intervals.

With diversion of the ion flux from the central trap by the angle & there
will be modulation of the currents in the lateral traps due to rotation

of the station about the axis of the central trap; when & >15° the maximum
flux will enter into one of the lateral traps. Figure 7 shows the currents
in all five traps: the upper graph shows the currents in the central trap,
whereas the lower graph shows the direction of the energy increase in each
spectrum, Figure 7 shows that with intersection of the diffuse magnetopause
in all the energy intervals the fluxes in the central trap exceed the max-
imum flux in the others, that is, the deviation of the direction of the

ion flux from the direction of the axis of the central trap is an angle
<15°,

Figure 8 shows data from simultaneous measurements of the polar angle 12
(Fig.$,a), the azimuthal angle ¢ (Fig. 8,b), the absolute value |B| (Fig.
8,c) of the magnetic field vector during intersection of the diffuse mag-
netopause; also shown are changes in the ion flux (dashed line in Fig. 8,
¢) and individual spectra (Fig., 8,d) corresponding to the times noted by
the figures 1-9 on curve nV. The data from magnetic measurements were fur-
nished through the courtesy of Sh, Sh, Dolginov and Ye. G. Yeroshenko. Fig-
ure 8 shows that with a smooth change in the spectra and the ion flux at

a distance ~0.5Rg during intersection of the diffuse magnetopause all the
magnetic field characteristics also were free of marked jumps.
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1t can be seen from Fig. 4,b, in which segments of stralght 1ines show the
positions of the station during intersections of the diffuse magnetopause,
that it was frequently observed with quite small ¥ angles and that its
thickness on the average increases with an increase in ¢ .

Table 2 shows the numbers of cases of registry of diffuse and distinct mag-
netopauses, the total number of intersections of the magnetopause and the
percentage number of observations of the diffuse magnetopause in the indi-
cated intervals of solar-ecliptic latitudes.

Table 2 shows that most frequently the diffuse boundary was observed in the
latitude zone 50-70° and 0-30°. However, it is necessary to deal with cau-
tion with the noted tendency in the latitudinal distribution of the diffuse
magnetosphere due to the relatively small volume of data.

Comparison of observations of the diffuse boundary with data from simultan-
eous measurements of the interplanetary magnetic field on the "Geos-2" sat-
ellite [17] indicated that in the presence of a northerly component By of
the interplanetary magnetic field the mean thickness of the diffuse magneto-
pause was ~ 0.8Rg, and in the presence of a southerly component Bg it in
creased to ~ 2Rg. :

| It can be concluded from a review of data in the literature that at the
present time ideas have been developed concerning the magnetopause, at
least in the subsolar region, as a distinct boundary (tangential or rota-
tional discontinuity) with a thickness of the order of the Larmor radius of
ions ~ 100 km (for example, see [7, 8, 16, 18, 19]. A diffuse boundary was
observed in the tail of the magnetosphere on the vehicles "Pioneer-8" (at
distances ~ 30-40Rg) [15], "Explorer-35" (near the lunar orbit ~60RE)
[20], and also on the "Vela" satellites (at a distance ~ 18Rg) [21, 22].
The authors note the absence of observations of a distinct boundary (dif-
fuse magnetopause) on the basis of magnetic data on the vehicle IMP-1 [23,
241, 0G0-1 (near the equatorial plane in the morning and evening sectors
of the magnetosphere) [8], on the basis of plasma and magnetic data on the
vehicle IMP-2 [16] in the subsolar region of the magnetosphere.

In laboratory experiments [25] there was an inflow of plasma into the re-
gions of the polar cusps (the same as in experiments on space vehicles
[26, 27]) and into the equatorial "slot," beginning on the daytime side of
the artificial magnetosphere at approximately 1400 UT and passing into the
tail of the magnetosphere. Finally, in a number of theoretical studies
there 1is a discussion of the interaction between the plasma in the trans-
ition region and the magnetosphere (viscouslike interaction [28], rejoin-
- ing of the lines of force of the interplanetary magnetic field, having a
southerly component, with the terrestrial dipole field [29], development
on the boundary of different plasma instabilities, for example [24, 30]),
- : which can lead to a blurring of the distinct boundary of the magnetosphere.

As can be concluded from the characteristics of the diffuse magnetopause,
observed on the "Prognoz" and "Prognoz-2" stations and described in this

study, it resembles the boundary layer discovered in the tail of the mag-
netosphere on the "Vela" satellites [21, 22].
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The latitudinal distribution of the diffuse boundary has a tendency sim-
ilar to the observational data [8, 26, 27] and laboratory experiments
[25], indicating a possible inflow of plasma into the polar and equator-
ial slots and an instability of the magnetopause at these latitudes. This
simllarity, and also some dependence of the thickness of the diffuse mag-
netopause, registered on the "Prognoz" and "Prognoz-2," on the presence
of a southerly component of the interplanetary magnetic field,can be dis-
cussed in connection with the mechanisms of origin of the diffuse magnet-
opause and require further investigation.’ ’
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CONTROL SYSTEME OF SPACE VEHICLES STABILIZED 'BY ROTATION

Moscow SISTEMY UPRAVLENIYA KOSMICHESKIKH APPARATOV, STABILI!ZIROVANNYKH
VRASHCHENIYEM (Control Systems of Space Vehicles Stabilized by Rotation) in
Russian 1979 pp 2, 293-295

[Annotation and table of contents from book by Yu. P. Artyukhin, L. I.
Kargu and V. L. Simayev, lzdatel'stvo Nauka, 295 pages]

[Text] This book is devoted to the problem of the active control of rotating
space vehicles (KA). |t examines the questions of the dynamics of KA move-
ment stabilized by rotation (transitional regiments, types of oscillation
exhibited, possible angular changes around the axis, etc.).

The principles for developing a control system of the speed of rotation and
the orientation of the rotating KA are presented. Linear and non-linear
control systems are examined according to general features, the principles of
control and the structural schemes of systems, the methods of calculating
energy expenditures for supporting the given rotation speed. Materials are
presented on the simultaneous utilization of final control elements

(reactive and magnetic systems) for controlling the orientation as well as
the speed of rotation of the KA. An algorithm designed for a computer
magnetic control system is developed. The possibilities for the use of
rotating KA's and the basic features of the means for securing vital activity
and work capability in astronauts are examined.

This book is intended for specialists in space technology, mechanics, and
the automatic control and applied theory of gyroscopes as well as for
students of upper division courses in higher technical institutions.
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